Purpose The purpose of this study is to test the ability of risedronate and estradiol, alone or in combination, to prevent bone loss associated with androgen deprivation therapy in men with prostate cancer. Materials and methods This is a randomized placebocontrolled trial of risedronate and estradiol, alone or in combination, in men with prostate cancer receiving androgen deprivation therapy. The primary outcome was change in hip bone mineral density at 1 year.
Introduction
Androgen deprivation therapy (ADT), most commonly by gonadotropin-releasing hormone (GnRH) agonist administration, is frequently used not only to treat advanced prostate cancer but also to prevent progression of earlierstage disease. Cross-sectional and longitudinal studies report that men receiving chronic ADT have lower bone mass [1] and that acute bone loss occurs with institution of ADT [2] . An increase in risk of fracture reported in men with prostate cancer treated with ADT is likely the consequence of bone loss [3, 4] .
The bone loss that is now recognized as an adverse consequence of the hormonal changes produced by GnRH agonist therapy appears to be related to the suppression of sex steroids. Testosterone is reduced to castrate levels and as a consequence estrogen, produced from aromatization of testosterone, is also reduced. Multiple lines of evidence suggest that estrogen is the predominant sex steroid for bone health in men. Reports range from case studies of men with mutations in the estrogen receptor [5] or aromatase genes [6] to epidemiologic studies correlating bone mass [7] [8] [9] and fracture [10, 11] in men with estradiol levels to interventional studies of short-term estrogen administration effects on bone turnover in men [12] . The relationship between changes in estrogen levels and bone loss with ADT therapy has not been examined. However, it seems likely that the GnRH-caused reduction in estrogen from ADT is a major driver of bone loss.
The recognition of bone loss as a consequence of ADT and of the likely role of estrogen as a mediator has resulted in several therapeutic trials of bone antiresorptive agents in men with prostate cancer receiving ADT. The intravenous bisphosphonates zolendronic acid [13] and pamidronate [14] and the oral bisphosphonate alendronate [15] have recently been shown to be efficacious in preventing bone loss in this patient population. In addition, the selective estrogen receptor modulators toremifene [16] and raloxifene [17] have also been demonstrated to prevent the bone loss associated with ADT. Reported here are the results of a randomized placebo-controlled trial of the oral bisphosphonate risedronate compared to estradiol, alone or in combination, to prevent bone loss in men receiving ADT.
Materials and methods
This clinical trial was conducted by the North Central Cancer Treatment Group (NCCTG). It was approved by the National Cancer Institute prior to study initiation and by the local Institutional Review Boards. All patients provided informed consent per federal guidelines. This study was funded by the National Cancer Institute with supplemental funding from Proctor and Gamble.
Patients eligible for this study were greater than 18 years of age, had a history of prostate cancer, and were being treated with androgen ablation therapy in the adjuvant setting or for rising prostate-specific antigen values without evidence of bony metastatic disease. The androgen ablation therapy needed to be planned to be given for at least 6 months after study initiation. When this protocol was initiated, men could not have had prior androgen ablation therapy. However, because of slow accrual, the protocol was modified so that subsequent patients could have had androgen ablation therapy prior to initiation of this study. Alkaline phosphate levels needed to be normal or less than 1.5 times the upper limit of normal with a normal bone scan. Liver enzyme and creatinine testing had to be less than 1.5 times the upper limit of normal. Triglycerides needed to be less than 250 mg/dl.
Men were excluded from this protocol if they had any of the following: congestive heart failure under active treatment, coronary artery disease requiring treatment within the last 5 years, thromboembolic problems, systemic steroid use, osteoporosis, past use of a bisphosphonate, sarcoidosis, parathyroid dysfunction, history of symptomatic hypocalcemia or hypercalcemia, current chemotherapy, difficulty swallowing pills, or dental work less than 3 months prior to registration or planned during the study treatment.
Patients were stratified by the duration of prior androgen deprivation therapy (less than 30 vs. 30-150 vs. 151-365 days vs. greater than 365 days). Patients were randomized using the Pocock-Simon dynamic allocation procedure [18] . In a double-blind manner, they were randomly assigned to receive risedronate, 30 mg orally once per week; low-dose estrogen, 0.5 mg orally once per day; both risedronate and estrogen at the same doses; or two placebos looking like risedronate and estrogen, respectively. The patients randomized to receive one active agent alone also received a placebo looking like the alternative agent. All patients were also given calcium, 600 mg to take orally once per day, and vitamin D, 400 international units to take orally once per day. The calcium was to be taken at a different time than the risedronate, so that it did not interfere with absorption of the risedronate. The risedronate was given 30 min before breakfast with a full glass of water with patients instructed not to be lying down for 30 min after receiving the pill.
If patients developed side effects attributed to either estrogen or risedronate, the presumed particular offending medication (or placebo) was to be discontinued.
Risedronate (Actonel) and placebo were supplied by Proctor and Gamble. Estradiol was manufactured by Mylan Pharmaceuticals and was overencapsulated to look similar to a matching placebo.
Potential adverse events were evaluated at baseline and at 2-month intervals when nurses or clinical research associates called patients every other month or talked to the patient at these times in the clinic. These queried adverse events included: cardiac ischemia/infarction (including angina/chest pain), thrombosis/thromboembolism, edema, dyspepsia/heartburn, nausea, vomiting, dysphagia, gastric ulcer, gallstones, rash, headache, abdominal pain or cramping, and gynecomastia. These toxicities were graded by NCI Common Terminology Criteria version 2.0 with the exception of gallstones, which were graded as present or absent.
Tests to judge efficacy and toxicity consisted of bone mineral density (BMD) tests at baseline, 6 months, and 1 and 2 years. Bone mineral density was assessed by dualenergy X-ray absorptiometry devices of the lumbar spine, femoral neck, and total hip. The bone mineral density was to be measured at the same facility each time.
In addition, patients completed a symptom experience diary (SED) at the same four time points. The SED consisted of 18 individual symptom questions each of which were rated on a 0-10 numeric analog scale where 10 represented symptoms as bad as they can be. Patients judged appetite loss, headache, nausea/vomiting, back pain, abdominal pain/cramps, fatigue, heartburn, fluid retention, constipation, visual changes, sleeping trouble, rash, mood changes, breast tenderness or swelling, chest pain, shortness of breath, hot flashes, and quality of life.
Statistical analysis
The primary end point for this study was the average absolute intrapatient change in hip BMD observed in patients from baseline versus 1 year poststudy entry. Secondary end points for this study were numerous. They included: the BMD change from baseline at 6 months; designation of a 5% difference in BMD scores from baseline as indicative of an important loss of bone density; osteoporosis incidence as defined by a standardized BMD score of at least 2.5 standard deviations below the age and gender-specific norm; the incidence of bone fractures, gynecomastia, thrombosis, and heart conditions; the incidence and severity of adverse events; and changes from baseline in patient-reported symptoms as measured by the SED.
Analysis of the primary end point was carried out by comparing average values of the intrapatient change in hip BMD between the control treatment arm and each other treatment arm in turn using standard two-sample or Wilcoxon rank sum methodology [19] dependent upon the normality of the data tested using the Shapiro-Wilk [20] procedures. An intent-to-treat analysis was carried out by categorizing patients as success (less than 5% bone loss from baseline) or failure (5% or more decrease in bone loss from baseline) where any patient who failed to provide complete data was considered treatment failure. The percentage of treatment failures was compared across the treatment groups via chi-squared testing. The analytical procedures detailed for the primary end point was applied to the secondary BMD-related and quality-of-liferelated end points. Further analysis examined the clinical significance for changes over time by calculating the percentage of patients in each treatment group that reported an improvement of more than 1 point on the 0-10-point scale for any patient-reported end point. These percentages were compared via chi-squared testing, as were toxicity data and other incidence-rate-based end points.
All hypothesis testing was carried out using a twosided alternative hypothesis and a 5% type I error rate. While the layout of the experiment had the appearance of a 2×2 factorial design, we chose to analyze the study as three separate treatment arms relative to a reference arm. This was done because of the lack of knowledge regarding the presence of interaction in the design. Factorial designs are a useful and efficient method only if interaction is not present. Powering the study for a factorial structure would introduce the potential for underpowering the primary end point analysis. Hence, the conservative approach was taken of using power calculations for individual treatment arm comparison. No adjustment for multiple testing was undertaken as there was a single a priori designated test of hypothesis for the primary end point. Analysis for the secondary end points is based more on effect size observed rather than the statistical significance, so adjusting for multiple testing is irrelevant.
A two-sample t test with 64 patients per group, splitting the alpha would have provided 80% power to detect a difference of 60% times the standard deviation, which is considered a moderate effect size and clinically significant. An estimate of the standard deviation of the change in hip BMD was roughly 10% of the baseline value in a sample of androgen ablated men [21] . Hence, this sample size would have been able to detect a difference of 5% (50% of the standard deviation) in the change between treatment groups. (Fig. 1) . Baseline patient characteristics are illustrated in Table 1 .
Results

From
Treatment effectiveness was measured using the change from baseline femoral neck BMD at 1 year. A KruskalWallis test between arms revealed that there was no statistically significant difference in the change from baseline (Table 2) . Further, there was no significant change at the 6-month time point either. Tables 3 and 4 illustrate the femoral neck data regarding whether patients developed osteoporosis (defined by score of at least 2.5 standard deviations below the age and gender-specific norm) or had a 5% or greater decrease in BMD. Similar nonsignificant data were seen for lumbar spine BMD. There were no reported bone fractures.
There were no serious adverse events in any participant. Of all the queried toxicities, the only one that looked different between arms was gynecomastia ( Table 5) . Likewise, on the symptom experience diary, the only item of note was that the men reported significantly more breast tenderness changes (from their baseline values) in the estrogen-containing study arms (Table 6 ).
Discussion
Since the conception of this current study, the association between ADT and bone loss and fractures in men with prostate cancer has become widely recognized. Studies have demonstrated the ability of an intravenous bisphosphonate [13] and a selective estrogen receptor modulator to attenuate the bone loss [16] .
There are a number of potential reasons why the current study was unable to report positive study results. First, this study suffers from a gross lack of statistical power, given the low numbers of patients. Enrollment may have been low due to several factors. One is that, at the time the study opened for enrollment, the association between ADT and bone loss was only an emerging concern. Therefore, patients and physicians may not have recognized the importance of the question being addressed. Second is that the study opened relatively soon after the results of the Women's Health Initiative study was announced with its conclusion that risks of hormone replacement (including estrogen) exceeded benefits for postmenopausal women [22] . Since this study included an estrogen, it may have deterred physicians and patients from considering participation. In addition, many men receiving ADT are managed by urologists; recruitment of these patients by the medical oncology majority physicians in the NCCTG was hampered. Another potential reason for the negative study results is that this study included men on ADT for any length of time prior to enrollment, as opposed to just at the time of ADT initiation. Men were allowed to be entered at any time after ADT had been initiated because accrual was poor when it was attempted to enter them only at the time of ADT initiation. Other investigators have shown that bone loss with ADT is most rapid soon after it is initiated [2] . Therefore, including men beyond that initial phase of rapid bone loss may have limited the power of the study to detect a change.
A further reason for negative study results, as opposed to positive study results with another bisphosphonate, is because the bisphosphonate that was studied in this current trial is not as potent as the intravenous zoledronate studied in the positive study [13] .
In addition, the relatively short study period for which evaluable data were available in this study may have hampered the ability to see a difference between the study arms.
Of note, at the time that this current study was developed, another almost identical study design (using intravenous zoledronate as the bisphosphonate of study) was independently developed into a clinical protocol. This study also suffered from poor study accrual and did not generate any substantial data (personal communication, Dawn Hershman 2008) .
No other studies using estrogens have been reported in this patient population, and only one other has been reported using oral bisphosphonates [15] . Studies with fracture as the primary end point rather than change in BMD have not yet been reported in men with prostate cancer receiving ADT but are needed. Until such studies are available, it seems prudent to monitor men receiving ADT for bone loss by measuring BMD and to initiate preventive measures with adequate calcium, vitamin D, and weight-bearing exercise. Prescription therapies shown to have benefit in this group should be considered for those with low BMD.
